Most online courses rely solely on asynchronous text-based online communication. This type of communication can foster anytime, anywhere reflection, critical thinking, and deep learning. However, it can also frustrate participants because of the lack of spontaneity and visual cues and the time it takes for conversations to develop and feedback to be shared, as well as the selfdirectedness and discipline it requires of participants to regularly check in and monitor discussions over time. Synchronous forms of online communication can address some of these constraints. However, online educators often avoid using synchronous forms of communication in their courses, because of its own constraints. In this paper, we describe how we integrated live synchronous web meetings into asynchronous online courses, collected student feedback, and made iterative changes and refinements based on student feedback over time. We conclude with implications for practice.
Background
This study took place in a fully online graduate program in educational technology at a metropolitan research university. Students in this program live across the United States; a small percentage even live outside of the United States. The instructor (the first author) taught each of the courses involved in this study. Over the past 13 years, the instructor had experimented with different ways to hold office hours with his online students. For instance, as web conferencing technology improved during the mid-2000s, the instructor began hosting "live" (i.e., in real-time) synchronous virtual office hours each week (in Adobe Connect) in asynchronous online courses.
While he was aware of general recommendations found in the literature about holding live virtual office hours (cf. Boettcher & Conrad, 2016; Finkelstein, 2006; Ko & Rossen, 2017) , there were three main reasons at that time motivating the instructor's use of live virtual office hours. First, he was teaching a multimedia/coding course and he wanted to have a set time that students could come get help in real time. He believed, like others, that the desktop-sharing feature in particular, available in many virtual classrooms/web conference tools, could help him answer student questions and provide just-in-time direct instruction in an efficient and timely manner (cf. Martin & Parker, 2014) . Second, he was aware of research suggesting that students often feel isolated and alone in online courses (Bolliger & Inan, 2012; Ludwig-Hardman & Dunlap, 2003) and the importance of frequent student-teacher interaction to enhance students' motivation to engage, learn, and persist in online courses (Bernard, Abrami, Borokhovski, Wade, Tamim, Surkes, & Bethel, 2009; Chickering & Gamson, 1987) . He was also specifically interested in ways to increase instructor social presence using video (Borup, West, & Graham, 2012; Richardson & Lowenthal, 2017) . Third, as an adjunct instructor with a full-time day job, he was concerned about the amount of time he spent teaching online each week. He hoped that using live, video-based office hours would increase his efficiency and lower his workload by decreasing the volume of asynchronous back-and-forth exchanges with multiple students via discussion forums, email, and text messaging (cf. Dunlap, 2005) .
Despite the purported benefits, for years the instructor had mixed success with live, videobased, virtual office hours. He scheduled virtual office hours every Saturday at 10am during the semester. But he repeatedly found that only about 10% of students would attend the first virtual office hour and after that the number would decrease each week until the point where one lone student (or sometimes no students) would show up. He questioned whether logging in each week for live virtual hours was a good use of his time. After a couple of years, he stopped using live virtual office hours and instead simply held office hours as needed by appointment only-a practice he found adopted by many of his colleagues having similar no-show challenges with virtual office hours.
A few years later, though, he found himself teaching at a new institution and revisiting the utility of video-based, live virtual office hours. He knew that while only a few students showed up in the past, live virtual office hours were still important and valuable to those who did show up. Further, his background in instructional design and computer-mediated communication reminded him that it is not the technology that matters but rather how technology is effectively used in online courses that makes the difference. So, with two colleagues who were also dissatisfied with their use of virtual office hours, he decided to explore ways to best engage students in synchronous video-based interactions via virtual office hours.
Methods
Technology-based instructional interventions often fail when educators or developers expect technology alone to fix educational problems. Research has consistently shown that technology is not a panacea (Cuban, 2009; Oppenheimer, 1997) ; pedagogy, and specifically how instruction is designed and implemented, is what makes a difference in student outcomes (Clark, 1983 (Clark, , 1994 . Further, the instructional strategies educators and designers plan to use, do not always work as expected when implemented in a classroom with students. Given this, over the years, a growing body of educational researchers have argued that there is a need for more developmental or design-based research (Amiel & Reeves, 2008; Anderson & Shattuck, 2012; Brown, 1992; Collins, 1992) .
While there are different approaches, design-based research usually involves a team of researchers using educational theory to develop an instructional intervention; the instructional intervention is then implemented in an authentic setting and studied for how well it works. The researchers then make changes to the instructional intervention based on what they learn from their design experiment; they then continue to test the instructional intervention in authentic settings, conduct additional design experiments, and make iterative improvements to the intervention over time. Design-based research, therefore, focuses on connecting research, theory, and practice by using iterative theory-driven development to investigate how and why an instructional intervention works in authentic educational settings (Amiel & Reeves, 2008; Anderson & Shattuck, 2012) .
Given the potential affordances of synchronous communication technology, we set forth to investigate "how" to successfully use live synchronous video-based communication (i.e., web conferencing) in predominantly asynchronous online courses. While we were not focused on how an instructional intervention can improve student outcomes in a specific authentic setting, we were interested in using a design-based research approach to create design knowledge (cf. Boling, 2010; Howard, Boling, Rowland, & Smith, 2012 ) about how to use live synchronous web meetings in asynchronous online courses. Future research will need to be conducted to investigate how synchronous communication can be used to improve student outcomes.
Students in three different courses, each taught by the same instructor, took part in this study. Students were surveyed after the semester's final live meeting about their experiences and perceptions of attending live meetings. The survey was intentionally kept short, with students responding to a few Likert-style questions and three open-ended questions. The survey included questions like, "To what degree do you agree with the following statement, "Attending Happy Hours was a good use of my time" and "In your own words, why did you attend the Happy Hours?" The quantitative data from the survey was downloaded and descriptive statistics calculated for each question. The comments to the three open-ended questions were coded in NVivo 11 (QSR International, 2016) . A descriptive coding process was used to catalog comments by topic and then group similar statements into main categories (Saldana, 2016) .
Six students were then randomly selected from the pool of students who completed the survey to participate in follow-up semi-structured interviews as part of the first round of design experiments. During the interviews, participants were asked questions such as "What do you think of the live sessions? Do you like them? Do you find they are worth your time? How could live sessions be made more valuable to you?" The interviews were conducted by a graduate assistant. The interviews were recorded, transcribed, and then independently coded using an open-coding technique. Finally, end-of-course student evaluations were also used to triangulate the findings and further explore student perceptions of the instructor's use of live virtual office hours. The same surveys and end-of-course evaluations were then used to collect student feedback and perceptions after the second phase of design experiments.
Office Hours Redesigned
In the following section, we describe how the instructor iteratively redesigned his use of live, video-based, virtual office hours over a two-year period.
1st Redesign
The first thing the instructor did when he decided to start using live, video-based virtual office hours again was to rebrand his virtual office hours. Office hours implies something optional, something not important, something only for struggling students (Huang & Hsiao, 2012) . Research has shown that students usually do not attend office hours (in any format) and that when given the choice, they prefer to simply email questions directly to their instructor (Kitsantas & Chow, 2007; Li, Finley, Pitts, & Guo, 2011) . This is in part because of flexibility but also the stress involved in asking questions, especially in front of other students (cf. Li et al., 2011) . Inspired by his colleague, Krishna Pakala, the instructor renamed his virtual office hours as "Happy Hour." This was an attempt to portray virtual office hours as a more informal, social environment where students might feel more at ease to ask questions as they arise (and learn vicariously through others' questions and answers), commiserate with peers, and get to know each other better.
Office hours are traditionally offered each week. However, the instructor questioned whether this was needed in the courses he taught. Thus, rather than offering live virtual office hours each week, he strategically chose four key times throughout the semester to offer the four live virtual hours, each lasting 60 minutes. The first live session was offered three weeks into each course and the remaining three were scheduled three weeks apart. The hope was that this would be frequent enough to help students with major questions but not too frequent that it became a burden (for him or the students). He was fully aware though that four was not a magic number; between 3 to 6 meetings could be equally effective, depending on the course and context. Research, though, suggests that instructors should have more than two live synchronous sessions in order to have students feel comfortable with the technology (McBrien, Jones, & Cheng, 2009) .
Following suggestions in the literature (cf. Barclay, 2010) , the live virtual office hours remained optional. However, the instructor chose to emphasize them more than he had emphasized office hours in the past. For instance, the date and times of each Happy Hour were set at the start of the semester and listed on the syllabus. The instructor had students living all over the United States as well as a number of students out of the country. Therefore, rather than trying to find a time that worked for all students, he opted for a time that worked for him and most of his students (many of which had full-time jobs)-which happened to be Wednesday evenings. He alternated times to enable students from both the east and west coast time zones to attend (e.g., the 1st and 3rd Happy Hour would be scheduled at 5:30pm and the 2nd and 4th happy hour would be scheduled at 6:30pm). He also posted information about each live session in the corresponding module of the learning management system. Then on the day of the live meeting, following Martin et al.'s (2012) recommendation, a reminder was posted in the course announcements. Finally, as suggested in the literature, the live meeting was recorded and the recording was posted online so those who could not attend were able to watch at their convenience (Barclay, 2012; Martin et al., 2012) as well as ask follow-up questions as needed.
2nd Redesign
The following year, the instructor made additional changes to his use of live, video-based virtual office hours based on feedback he received from students-which came from a survey, select interviews, and end-of-course evaluations (which will be discussed in more detail in the following section)-as well as his own experience offering live meetings (see Table 1 for a summary of these changes). First, based on student feedback, a Google Calendar invite was created for each meeting and students were invited to attend the meeting through the Google Calendar application (this university used the G Suite for Education core services). This provided students one more way to be reminded of the live virtual office hours. Second, based on student suggestions, he decided to allow students to earn points for attending the live meetings. While he could have added the points simply as extra credit, he decided instead to add the points as a part of the course participation points. Thus, this gave students the ability to choose whether they earn all their participation points for the course by taking part only in the asynchronous course discussions or earn some points by attending the live meetings. Thus, attendance was still optional but students could earn points for attending. Third, a mini instructional lesson was added to each Happy Hour session because students reported that they wanted some type of instruction if they were going to attend a live meeting; that is, the live meetings should not simply be a question-and-answer forum (like traditional office hours). Students also mentioned that there should be a way to ask questions that could be addressed during Happy Hour in case they were unable to attend; in response, when the instructor would post an announcement reminding students to attend a live meeting later that day, he asked students who could not attend to post any questions they had so that he could address them during the live meeting.
Based on this feedback, each future live meeting would start by addressing student questions; then there would be an instructional lesson, which was either a pre-planned lesson based on the content of the given module or a lesson based on students' past work (e.g., common errors the instructor noticed while grading student work). 
Initial

Results
As previously mentioned, our purpose was to find more effective ways to use live, videobased virtual meetings in predominantly asynchronous courses. More specifically, we wanted to find ways to improve student attendance, satisfaction, and overall perceptions of live, video-based virtual meetings. In the following section, we briefly describe the findings.
We were initially interested in getting more students to attend the optional live meetings and therefore make it feel like the live sessions were a good use of the instructor's and his students' time. While previously only about 10% of students attended one virtual office hour (i.e., 2 out of 23 students), now about 50% of the students in each course are attending at least one Happy Hour semester after semester (i.e., 11-13 out of 23 students) and about 25% (i.e., 6-7 out of 23 students) attend every Happy Hour in a given semester (Table 2) . Thus, while every student is not able to, or chooses not to, attend a live session, the design changes appear to be associated with an overall increase in attendance. Further, the analytics of the archived recordings of the live meetings (which are uploaded as unlisted videos on YouTube the following week of each live session) revealed that each recoded live session has an average of 8 "views," thus in ways increasing "attendance" even more through post-session review by students not in live attendance. We were also interested in why students attended the live meetings and whether they enjoyed them (Table 3) . Students reported that they attended the live meetings to learn the course material (M=3.88 on a 5-point scale), learn course requirements (M=3.76), and to get questions answered (M=3.85). But the number one reason students said they attended the live sessions was to get to know their instructor better (i.e., the instructor's social presence; M=4.38). Finally, students reported that attending the live sessions was a good use of their time (M=4.43). Further, a few students, each semester, would mention the live sessions (i.e., Happy Hour) when asked in the end-of-course evaluations, "Which aspects of this course were most valuable to your overall learning experience?" The following are a few examples of what some students said in the instructor's end-of-course student evaluations:
• "I loved the happy hours and the video feedback he would give"
• "The instructional videos and forum feedback as well as the Happy hour connection were all important to making course more than just a long tutorial."
• "...videos, happy hours and personal tutoring made this course the only online course I have ever had where I really felt a connection to the professor personally and to the other students."
• "I enjoyed the "Happy Hours" as this helped me feel more connected to my peers and the instructor."
• "The "happy hour" online webchats were also very useful and fostered a sense of community in the class."
• "...enjoyed the happy hours as a way to connect with other learners in the cohort. Appreciated the informal approach to it to ease new students and alleviate their fears of belonging." We also wanted to learn more about why students attended and how the use of live virtual office hours could be improved through each iteration. Via the survey, we asked students the following open-ended questions: The main categories of coded comments are listed in Table 4 along with a percentage breakdown of comments coded under each category. Many of the categories span across multiple questions due to similarities in responses. For example, participants discussed Personal Interaction topics in response to all three questions (Q1, Q2, Q3). In Table 4 , each category is described and then is followed by a summary of where coded comments appeared in response to the three open-ended questions.
Personal Interaction: These comments emphasize interaction with instructor and/or peers in the live setting.
Satisfied or Appreciative:
These comments referred to satisfaction with aspects of the live sessions or general appreciation for the availability of live sessions.
Useful Information: Comments regarding the value or usefulness of the live sessions.
Timing: Comments pertaining to the timing of the live sessions and schedule conflicts.
Incentives: Comments related to incentives such as points given for attending.
Technology: Comments about the technologies used for the live session.
Advanced Preparation: These comments emphasize student requests for discussion topics prior to the live session. There was a total of 252 coded statements. Percentages of coded comments were rounded to the nearest whole number, which accounts for the total at slightly less than 100.
Content and Focus
Table 4. Coding by Question and Category
Below is a sample of student responses within each of the eight coding categories:
Personal Interaction: Comments about interaction with instructor and/or peers in the live setting.
• "It was a great way to connect with the instructor and other students. There's a difference between being a participant 'live' and just listening to the recording."
• "Since we are in an online course, I liked the opportunity to see my instructor and classmates 'live.' This is why I attended the first Happy Hour."
• "I attended the Happy Hour sessions for two reasons. First, it's difficult to connect with people in an online program, it was nice to be able to see people and hear their voices in real-time for a change."
Satisfied or Appreciative:
Comments about satisfaction with aspects of the live sessions or general appreciation for the availability of live sessions.
• "I was satisfied with the Happy Hours opportunity in terms of its content and structure. It was casual and not formalized so that it was a comfortable environment for people who have not met each other."
• "I appreciate that Patrick took time to hold the Happy Hour conferences. It was very helpful to be able to ask questions and it was great to get to know some of my classmates."
• "I really enjoyed attending Happy Hours. I think this is a great idea to get answers and see where everyone else is in the course. All courses should have Happy Hours."
Useful Information: Comments about the value or usefulness of the live sessions.
• "To gain additional insights in the assignments and activities. It was very helpful to hear Patrick's viewpoints on finer issues. Also, I always learn from what other people are doing/know."
• "I wanted to be kept in the loop and receive any additional information the instructor thought was helpful for the course."
• "I attended to make sure that I was on task with my assignments. I also needed clarification on coding and web design when the course began. The happy hour sessions were extremely valuable to me when I started the course."
Timing: Comments about the timing of the live sessions and schedule conflicts.
• "I was only able to attend the first one because they were all on Wednesdays and that is the day that my school has after school meetings. By the time I got out and home to log in, the Happy Hour was over."
• "I would change up the day of the week and or the time of the day that they are scheduled. That way more people could attend all of them."
• "As an east coast student with a toddler child at home, having the session at 7-8pm EST was very difficult for getting my child ready for bed-I would be happy to have it later for my own personal schedule."
Incentives: Comments about incentives such as points given for attending.
• "The reason I said that I wouldn't attend without the points was because I wouldn't have gone to start without the points. Knowing what I know now, I feel they were worth going with or without credit, but I wouldn't have gone to the first one to find that out without the tempting participation points."
• "I wish there was another way to make up the missed participant points for those who can't attend happy hours live. I know the points probably don't mean that much in the overall picture but I feel like I've failed for something out of my control."
• "If points weren't given for attending, I might not have attended at first or as regularly and I would've missed out. The points motivated me to go to the first one and then I looked forward to the next ones."
• "I teach online, so I was curious about seeing another platform other than Blackboard and thought it would be good to have a live experience with this class since I hadn't done that with any others during the program."
• "I want to check it out as this was my first time in an online course. I also wanted to try the online meeting technology which I have never used before."
• "This was my first time participating in a web conference at Boise State. I was nervous about having to be seen on camera which fortunately did not happen. I would like to use a similar software to have teachers engage with independent studies that can't attend school every day. I wish adobe connect software wasn't so expensive."
Advanced Preparation: Comments about student requests for discussion topics prior to the live session.
• "It might be helpful to have students submit questions prior to the happy hour so that you could tailor the hour to those attending. It would be nice if there was a way to encourage students to come up with questions before happy hour so there were more questions being asked.
• It would be good to have participants ask about their primary concerns/ questions on a form (such as this) before everyone attended."
Content and Focus:
Comments about how focused and on track (or not) the sessions were:
• "I think the Happy Hours got sidetracked by questions about comps and dissertations. All of which are years away. I wish they were more focused on the course. Maybe dedicate one late in the course for folks that had questions."
• "I feel like we threw a lot of random questions at you during HH, which made it difficult for there to really be a flowing discussion. I'm sure this was partially because we are all new the program and there are simply a lot of questions that we have about coursework, formats, etc."
Students comments were invaluable as they helped clarify survey results and provided specific insight into how to better design virtual office hours in online courses.
Discussion
Most online courses today rely predominantly on asynchronous, text-based communication. This is not surprising when one considers the independent, correspondence-study tradition of distance learning from which online learning evolved. While we understand the benefits of asynchronous, text-based online communication, we also believe-based on the literature (Fadde & Vu, 2014; Finkelstein, 2006; Huang & Hsiao, 2012; Martin & Parker, 2014; Ng, 2007; Power, 2008) and our experiences-that there are inherent affordances of communicating in real time, "face-to-face," using synchronous video communication technology.
However, over the years we have struggled to effectively use live, video-based synchronous communication in our online courses.
In this study, we set out to investigate how to use live, video-based synchronous technology during office hours in three different predominantly asynchronous online graduate courses. Whether online or face-to-face, most students do not attend office hours. Thus, our first goal was to get students to attend office hours in the first place. While we were aware that simply requiring students to attend would likely increase attendance, we wanted to keep office hours as an optional activity. Over the two-year period, we found that as we emphasized the importance of the live virtual office hours more, reminded students of when the meetings were (i.e., by listing it as an activity in the course, sending calendar invitations, and reminders the day of the meetings), added an instructional component, and enabled students to earn points for attendance, overall attendance increased. While some students chose not to attend, more than half of each class attended or watched the archived recording of the meeting. Additional research, though, is needed to see if similar strategies could increase attendance in other subject areas.
In addition to increasing the overall attendance of office hours, we also wanted students to feel like attending was a good use of their time and to better understand what they liked or did not like about attending live, video-based office hours. The results suggest that students who attended the live, video-based office hours liked them, found them helpful, and even wished that other instructors used them in their courses. However, students also reported that they sometimes struggled getting the technology to work and sometimes could not attend the live meetings due of prior commitments. Additional research is needed to better understand why some students never attended a live meeting as well as the relationship between participation in live meetings, student retention, and student learning.
Design Recommendations
Incorporating synchronous learning opportunities and events into online courses is an important design decision. We do not believe that synchronous live meetings are appropriate for all courses, all instructors, or all students. But we do believe that they can add value to predominantly asynchronous online courses, when used intentionally, with thought and care. This study illuminates several design recommendations derived from the analysis of the collected data-some of which align with previous work (e.g., Barclay, 2010 and Martin et al., 2012) , but many that do not.
Based on our experience, the following recommendations are offered to support the effective use of live office hours:
Orientation to live sessions 1. Refer to virtual office hours using a more inviting title. For example, for more informal live sessions, select a name like Happy Hours, Coffee Breaks, Afternoon Tea, Bat Cave, and Around the Campfire. For more formal live sessions, consider titles such as Consultations, Design Studio, Conference Room, Headquarters, and Open Space.
2. Inform students at the start of the semester when synchronous sessions are scheduled.
3. Inform students of the agenda for each live session in advance.
4. Remind students of approaching live sessions in daily/weekly communications, such as via the announcements feature of a learning management system. 5. Provide low-stakes opportunities for students to troubleshoot and get acquainted with the synchronous format and associated tools. For example, during the first few weeks of a course, have each student-or small groups of students-visit with you in Adobe Connect for the sole purpose of checking out tool functionality, and to hear and see each other laugh.
6. Share a short recording of a live session with students new to live sessions so they can get a sense of how they work and what to expect in advance of participating in a live session.
Scheduling
7. Consider students' time zones when scheduling live sessions. Use a tool like Doodle, for example, to determine best times to meet.
8. Schedule live sessions strategically; they do not need to be scheduled weekly. For example, schedule live sessions prior to the due dates of major deliverables or in advance of exams.
9. Vary the day of the week and time of day. Consider scheduling two live sessions per week on different days and at different times of day.
Relevance
10. Be transparent with students as to your reasons for including live sessions in your online courses.
11. Ask students to share questions in advance of live sessions so sessions may be tailored to meet specific goals, needs, and interests.
12. Make live sessions relevant in terms of content and activity. Make sure the live sessions add value to the students' learning experience in an online course. For example, include a brief direct-instruction component, demonstration, or guest speaker in each live session.
13. Provide a comparable learning experience for those unable to attend a live session. For example, give those students specific questions/prompts to respond to while watching the recording.
Incentives and assessment
14. Add incentives for attendance (e.g., require it or allow students to earn points), but provide options-equitable in terms of learning experience-for those who have schedule conflicts.
15. Involve students in learning activities during synchronous sessions that support their work on projects, papers, and so on. For example, provide a lab demonstration that will help students complete their own experiments in the lab.
Interaction
16. Start each live session with a brief ice-breaker and/or get-to-know-you activity to help establish connections between and among instructor and students, and to get warmed up with the technology before launching into more coursework-oriented activities.
17. Provide both informal and structured time and opportunity for students to interact with each other.
18. Have students contribute to or determine "rules of engagement" for interacting with each other during live sessions.
19. Model the type and level of interaction that supports student engagement during live sessions.
20. Get students involved in the live meetings. For example, have them collaborate on a response to a problem of practice or peer review each other's work.
21. Ask for questions from students who are unable to attend, and respond to the questions during the live session.
Conclusions
Prior to this research study, the instructor and co-authors were dissatisfied with the reach and effectiveness of virtual office hours in their online courses. They knew there was great potential value even if only for the few students who did participate in virtual office hours, however they consistently questioned whether or not the time spent planning, promoting, and facilitating live sessions was a good use of a finite resource-their time and energy. They were curious about considerations like: Do live, video-based, virtual office hours have to be offered each week? Do they have to be offered at the same time each week? Should students be required to attend virtual office hours? This study helped them think through their instructional decisions and associated instructional strategies and develop a set of design recommendations to guide their practice and the practice of others.
As synchronous video-based communication technologies continue to improve and become more reliable and easy to use, instructors are likely to take advantage of the instructional potential of live sessions. Ideally, online courses would include both asynchronous and synchronous learning opportunities based on the instructional goals of the course, taking advantage of the affordances of both formats. In fact, on-campus courses may learn associated best practices from online courses; the "flipped classroom" approach is an example of how on-campus courses can be structured to best take advantage of synchronous learning opportunities (i.e., those occurring in a classroom, lab, or the like) and asynchronous learning opportunities (i.e., homework). Using a design-based research approach to create new knowledge about how to use live synchronous web meetings in asynchronous online courses, we have identified a set of design recommendations that match instructional goals and strategies based on currently available synchronous tools and technologies. These design recommendations inform our online and oncampus teaching practices, and have provided us with an ongoing line of inquiry to pursue as we explore additional ways in which synchronous video-based web tools and technologies may be used to support student learning.
